Checks and Balances in Animal Populations
by Professor Kenneth Mellanby CBE SCD FIBiOl (Monks Wood Experimental Station, Huntingdon) Today we hear a great deal about the dangers of 'exponential growth'. Fears are expressed that industry and pollution and the use of natural resources will grow in this way, and eventually impoverish the world and render it uninhabitable. Human populations are also increasing, and the fear is that this increase will continue until the whole surface of the globe is covered with people, or until some density-dependent disaster reduces human numbers to more manageable proportions. My task is to show how the study of animal populations may illuminate the picture.
Field observations demonstrate that most populations of wild animals are remarkably stable. Anyone who is familiar with any part of our countryside knows that each area has its characteristic fauna, of mammals, birds, insects and other invertebrates. The naturalist knows what animals he is likely to find in any particular habitat, and he knows which are 'common' and which are 'rare'. Thus I can walk in Monks Wood National Nature Reserve at lunchtime on a fine day during the summer, and be fairly certain that I will see a good many specimens of several common butterfliesvarious Whites, Meadow Browns, Small Tortoiseshells, Small Heaths and so forth. Then if I am lucky I may see much smaller numbers of the rarer Hairstreaks, perhaps a single individual of the rare Black Hairstreak. On a cold, wet day I may see nothing, for the insects are immobilized, but I have no doubt that they are present. And I know, roughly, in what proportions the various species will be present. But the numbers will not be anything like constant we hear entomologists saying that 'this was a good year for the Black Hairstreak', for instance, by which they mean that the population was not so low, and so difficult to see (and to catch, kill, and mount in their collections) as in some other years. But even in the best year the Black Hairstreak will never rival the Small White in numbers. As we know that many of these butterflies lay hundreds of eggs, and as populations seldom vary more than twoor three-fold in numbers, it is clear that there are in force 'checks and balances', and these are responsible for the characteristic stability of most undisturbed ecosystems.
However, we must not overestimate this stability, or fall into the error of thinking that all spectacular changes in animal numbers are caused by human intervention. In the Book of Exodus we learn that Egypt was devastated with plagues of immense numbers of various animalsof frogs, lice, flies and locusts. Perhaps this is not a good instance to quote, for these plagues were, we are told, conjured up by Moses and the Almighty in an attempt to cure Pharaoh of a clinical complaint described in layman's language as 'a stiff neck', and these treatments seem to have been much less successful than those which members of the Royal Society of Medicine would have prescribed. Nevertheless they do illustrate that, even in the Bronze Age, long before man had invented DDT or had altered more than a tiny fraction of the world's surface, spectacular increases in the numbers of various pests were familiar to ordinary men and women. The same things happen today. Locusts still multiply until they are plagues in the most untouched areas, and natural oak woods may be almost completely defoliated by caterpillars. The potentiality to increase is obviously present, it occasionally manifests itself, and much more often it does not.
And, as I will show later, the most spectacular outbreaks do certainly occur when man has altered the environment to make such outbreaks more probable.
One check on population growth is the availability of food. Malthus foretold that the human population would be so controlled, and this may eventually be true even though, in the short run, food production has increased more quickly than has the population which it must feed. Food supplies do affect many animals. The Large Copper Butterfly is totally unable to live except in areas where the caterpillar's food plant, the Great Water Dock, is abundant, but, characteristically, we never find so many Large Copper caterpillars that every dock plant is gnawed down to the ground. As a rule the fields and woods of Britain are green, and no single herbivorous animal increases in numbers so that the whole of this green mantle is consumed. Characteristically, particularly in natural or semi-natural areas, each species only consumes a fraction of its potential food supply. Some other factors must regulate the numbers, at least at most times and in most places.
Nevertheless food supplies are often important at particular periods in the life of some animals. There may appear to be a great surplus of grass for a grazing mammal during spring and early summer, but many deaths from starvation may occur during a cold winter or a period of drought. This is true of mammals like deer and antelopes, and also of birds like the Wood Pigeon, whose numbers have been shown by R K Murton to be controlled largely by the amount of clover available in the late winter. As David Lack has shown, in some birds such as titmice the clutch size is determined by the abundance of insect food available during the critical period when feeding the young puts the greatest strain on the resources available. D Chitty and others have shown that cyclical changes in numbers ofpredators and their prey may take place. Thus the Arctic Fox feeds mainly on rabbits. The fox population grows until it almost eliminates the rabbits, and then the fox numbers fall catastrophically, to build up again when the residual rabbitstoo few to feed many foxesagain breed, uncontrolled, to reach substantial numbers. For carnivores the food supply does quite often seem to be the limiting factor to population growth. But in most species it is certainly not the only factor which is involved.
The ways in which animal populations are regulated below those limited by food supplies have been intensively studied by V Wynne Edwards and others. In many animals crowding appears to reduce the birthrate by making males impotent and causing females to remain frigid, by inducing embryo absorption and spontaneous abortion. Many hope these phenomena will be repeated in man before our numbers outstrip our resources.
Many animals exhibit territorial behaviour. Thus we find only so many pairs of Robins or Blackbirds nesting in our gardens. The most virile birds secure the best territories, and they frighten other members of their species who try to invade their areas. As a rule a territory contains far more food than the occupier and its family require. It is interesting to note that antagonism is only shown by Robins to Robins and by Blackbirds to Blackbirds, and that one garden may contain many overlapping territories of different species. This is 'explained' by saying that different species have different food preferences, something that is only partly true. Territorial behaviour has been most thoroughly studied by A Watson and others in the Grouse in Scotland. This bird grazes on young heather, and each pair has a vigorously defended territory. The successful pairs occupy the best areas, and if the population at the beginning of the breeding season is too high, perhaps because insufficient numbers have been shot in the previous autumn, then some are banished to marginal areas outside those containing the best grazing. Here few if any young are reared, and even the adults seldom survive. Some moralistically inclined observers have compared the territorial behaviour of animals favourably with that of man. Our own species kills to defend its territory. In most animals, the conflicts are generally (though by no means always, and not, as will be shown, in all species) of a ritualistic nature, and the inferior animal acknowledges its position by a characteristic pattern of behaviour before it skulks off into its appointed and lowly place. However, is it really so much worse to be killed in a clean fight than to be doomed to starvation and impotence in an unfavourable part of the habitat? Particularly when the winner, like the human capitalist, guards so many more assets than are strictly required for his and his family's well-being? I think we should accept territorial behaviour as a fact, as a means of population regulation in some species, and we should abstain from ethical projections and comparisons with human activities.
Exponential population growth is generally controlled by many additional factors, the chief of which is that the majority of eggs and young form the food of parasites and predators. Population balance has been studied most thoroughly by many entomologists, including G Varley, T R E Southwood and a host of others. Much of this work has been aimed at producing a rational system of pest control, and many insects studied are those which, by increasing in numbers in man-made ecosystemsby which I mean crops grown for our foodhave exhibited, for a time, much of their potentiality for population growth.
We know that in countries like Britain, where most crops have been grown for centuries, the majority of pest insects seldom reach a level sufficient totally to destroy the crop, partly because many of the pests are consumed (or parasitized) by naturally occurring 'beneficial' insects. We know that, occasionally, a potential pest which is kept down below the numbers where it does economic damage may be released from control when its predators are killed by the unwise use of insecticides. Thus in Britain the Red Spider Mite is now a pest on fruit trees; it only became one when its enemies were accidentally eliminated as a side-effect of the control of another pest, the Codling Moth, by DDT.
The most devastating damage to crops has occurred in 'new' countries where a crop has been introduced, together with a pest which has followed it unaccompanied by its natural enemies. In several such cases entomologists have discovered the most important of the natural enemies in the home territory, and when these have been introduced into the devastated area a spectacular example of 'biological control' has resulted. A well-known example of such control is the Ladybird from Australia which consumed the Cottony Cushion Scale insect which was ruining the citrus orchards of California. This control operated successfully without any further human intervention for over half a century, and the pest only recurred in harmful numbers when the Ladybirds had, accidentally, been killed off by DDT used against another pest.
The literature on the checks and balances on insect population growth is extensive and is amplified by theoretical studies of mathematical models and by computer exercises simulating the whole complex relations between pests, their parasites and their predators. Though of fascinating interest to the participants, this work has so far made little contribution to the practice of pest control; however, we are beginning to understand which enemy is the 'key factor' in maintaining some species at a particular level. I have little doubt that in due course this work will enable us to use methods of biological control of pests more efficiently, and will help to reduce the potential pollution of our environment by the unnecessary use of pesticides. I must only add to a medical audience that there is more promise of the control of pests of crops by these means than for the control of insect vectors of human diseases such as malaria, plague and typhus.
The population inhabiting a particular area may be reduced from too high a level by migration. This, as in the case of the Lemmings, which drown in their millions when they rush headlong like Gadarene swine into the sea, may reduce numbers absolutely. In other cases the migrants may find a suitable environment in which to increase their numbers even further. There have been many studies to determine the 'signal' to migratethis is often a function of population density. It has been shown by C G Johnson that in many insects which exhibit this phenomenon, most of the migrants are young adults. A similar process is to be seen in man. It must be clear that population control is a very complex subject. Food supply, behaviour, physiological change, disease, parasites and predators all play a part. Too great generalizations by scientific workers have led to many misunderstandings.
I should like to quote from my own work on the Mole, to show that in the case of one species different factors may be of particular importance under different circumstances.
The mole is, originally, a denizen of deciduous woodland. It lives a solitary life in a permanent burrow. It does not dig constantly, as many believe, but runs up and down its tunnels like a train in a tube. It feeds on the worms and insects which fall into the burrows, which act as a 'pit fall trap'. So long as the existing burrows yield enough food, no more digging is done. The population of a wood is fairly constant, seldom more than two or three animals to the acre. Surplus young migrate to other areas, including arable fields, grass lands and our gardens. Here they do more damage, as they have to make a tunnel system. Although a greedy carnivore, the mole eats less than is often imagined, and makes little inroad on the ton or more of living worms and insects in every acre of woodland. The ground could support at least ten times the population, but this never happens. Only so many tunnels are built, only so many moles live in them. Incidentally the mole defends its territory to the deathfights are no rituals but are often fatal to the loser. We have no idea why more moles do not build more burrows (nearer together) and increase the population of these rich areas.
At times moles invade other areas, including the sandy soil of the Breck, in Norfolk and Suffolk, or mountainous pastures in the Pennines. Here the soil fauna is sparse, only a few pounds to the acre, instead of the ton or more in rich, deciduous woodland. The sort of burrow system already described would yield far too little nourishment, so enormous lengths are dug covering several acres. Here the density seems to be the highest that the soil, and its fauna, can support. The mole has few enemiesthe most serious was the molecatcher common in earlier days, now a dying race. The migrating young, often moving above ground, are most at risk from owls, herons and other predators.
I have brought in the mole to show how complex the situation is. Even for one species, population density and population control may be determined by different factors at different times and in different places. To generalize for all animals, and to extrapolate from these to man, is clearly impossible.
Finally, we must not forget that all the checks and balances may, sometimes, be only too successful, so that the whole population of an animal is destroyed. Man, by his actions either in killing too many individuals, or, more often, by altering the habitat, has caused the extinction of many animals, either locally, or globally. However, many more species have disappeared without his aid. We must remember that the vast majority of all the species which have evolved in geological time are now extinct. This is part of the process of evolution. There have, for instance, been dozens of species of ancestral horses, including the well-known Eohippus, and as each disappeared it was replaced by another, more suited to the changing conditions. The difference which makes man's actions in eliminating a species more serious is in the time scale; man's actions are so rapid that any species he eliminates is gone for ever without any replacement appearing, so that our fauna is permanently impoverished.
